MY new apparatus, which I call the "Iatrophone," is an electric interferencetone-generator, equipped with a quartz crystal and constructed from the most modern points of view for diagnosis as well as for therapy. The quartz crystal makes it quite constant in frequency to a degree of 1 per mille. If the temperature does not change within certain limits, the constancy is still greater. Another important quality besides the constant frequency is the pure sinusoidal form of vibration, which can be shown on photographed tone-waves. The careful and elaborate technical construction of the apparatus allows the use of different voltage, 100 to 120, 200 to 240 volt a.c., 40 to 60 cycles. We have succeeded in constructing a small portable unit of about 16 lb. weight, for the scientific testing and treatment of the ear. The low price will also be an advantage.
the tone-generator, but also tones, noises, speech and music of electric granmophones, speech-and tone-records.
The diagnosis and therapeutics of chronic deafness are so closely involved that they cannot be really separated. The following points of view will always be taken into conjsideration by us. The hearing is first tested by whispering, or in the case of very deaf persons by loud speaking. We avoid the use of figures, as after a short time the patients guess the numbers by the cadence and phonetics. After the speaking test, tuning-fork tests, etc. (Weber-Rinne-Schwabach and Gell6) are made. Further, the air connection is examined with tuning-forks of different-keys, from bass C to C 4. As ordinary tuning-forks are not sufficiently reliable to ensure prevention of mistakes, for twenty-five years we have used our electro-magnetic tuning-forks, and for several years an apparatus by which tone-frequent currents are used. The first advantage of these is that we can produce every audible tone, and tones beyond, which are almost free from overtones. The second advantage is, that in this manner we fulfill a postulate, which could not be fulfilled hitherto. The continuous tone-succession from Bezold-Edelmann has the great deficiency that OCT.-OTOL. 1 the sounds used are of different origin, being produced partly by means of tuningforks and partly by whistles. Moreover, some doctors had used the monochord-an invention of Pythagoras-as completion, to state the highest limit of hearing. (About 15,000 vibrations.) As already said, this important deficiency can be avoided by using tone-frequent currents, or frequencies of electric oscillations to produce a continuous succession of tone; so that, while all tones are generated by electro-acoustical vibration of different frequencies, all are of the same origin.
With this apparatus it is possible to obtain from 0 vibrations to far above the limit of hearing-20,000 and more vibrations, sounds of various keys, which can be applied for testing hearing.
Another advance made possible by the use of this apparatus is that we are thereby enabled to test the air-conduction as well as the combined air-bone-conduction, or bone-conduction alone, if required, bringing the end of the device either quite close to the meatus, or inside the meatus, or applying it to the mastoid process. In the latter case experience has shown that it makes a great difference, whether the end-piece is placed on the point, which corresponds to the antrum, or on the descending portion of it, and in this way, and also by comparison of the two, it is often possible to procure information about the pneumatic condition of the mastoid.
A further advantage of this method, in comparison to the old test with tuningforks, is that we are able to vary the tone as required-the height of tone as well as the tone-intensity, from 0 to strong intensity, which we can produce in a more rational way than with tuning-forks. The height of sound, as we know, depends on the frequency, the intensity on the intensity of the electric current.
An important point to note is that we are able to measure the length of time till the central perception of sound, and it is of great advantage that we can change the quality-as well as the intensity-of sound, ad libitum. Moreover, we are able to ascend and descend scales with any speed, or to use the same quality and intensity of tone as long as we wisb, and thus test the perception-faculties of the auditory nerve in every way.
One of the most important points about the whole method is, that we are thereby enabled to find the threshold of hearing for all these acoustic phenomena, from 0 to the audible point and vice-versa from a loud tone to 0. We do it both ways because we have found that they are not quite identical, but frequently show certain differences. As already mentioned, we use a specially adapted device, suitable for examination not only with simple tones, but also with complicated tones and noises, such as speech and music. In this way valuable information is supplied as to the condition of the auditory nerve and its capacity of perception. That is of great importance in various respects, because thereby we often obtain information as to the process of perception, especially in regard to central hearing, i.e., central perception of the auditory phenomena. The tone-frequent currents can also be used as simple stimulators without sound. The idea is to send currents to the auditory nerve, which have exactly the same amount of vibration as the corresponding tone. In this way one can excite the auditory nerve without tiring the brain with tones, using an intensity below the threshold of stimulation. A similar effect can also be produced through those tone-frequent currents, which attain tones above and below the range of auditory perception. Thus, in cases of advanced deafness it is not necessary to go beyond the general absolute range of perception of tone, but for these cases there are already otherwise audible tones, outside of their individual range of hearing (extratonal), and it has been often possible, by continuous use of such supratonal or infratonal frequencies and intensities, to increase or finally restore the patient's tonal perception.
This apparatus and method of diagnosis and treatment of deafness, producing a substantially continuous spectrum of frequencies from the infratonal to the supratonal bands, and varying the intensity of each separate frequency over a wide range of values, further enable us to discover isles of hearing and the gaps between by noting the responses of the subject to the several frequencies and intensities. This enables us to treat the patient, with regard to the gaps of hearing, by transmitting the frequencies corresponding to these gaps into the ear. It is in fact a method of education, covering the gaps and widening the corresponding range of hearing by continued and suitable application of adequate frequencies.
This kind of tone production is exceedingly adaptable for training the auditory nerve. Not only the simple musical tones, however, but also musical and talking records are of great importance. For this reason we have connected our apparatus with an electric gramophone of special construction. We have studied a number of cases of high-grade deafness in which music could no longer be perceived as such, but simply as a noise, an omnium gatherum of confused sounds. These cases were exceedingly interesting, because the deficiency of perception had resulted from quite different causes. By some there was such a retarded perception of the single tones, that naturally, by the quicker change of tones, the melody could no more be perceived, as the tones became totally confused. Up to a certain extent one could already somewhat correct this by suitable retardation of the music.
In other cases, no slow perception of single tones could be found, biut the perception of a variety of successive tones was impaired. When we applied higher or lower, weaker or stronger tones, of the same or different kind in slightly quicker succession, only a muddled noise could be heard. In both kinds of cases we were, by practice, able to abolish this deficiency, and after several weeks the music was heard as such. The patients assured us spontaneously, that for the first time, after a long period, the music had been a pleasure to hear.
It is possible, therefore, in a number of cases to revive the perception faculties from that of simple tones to that of complicated melodies, our method being to proceed from the use of simple tones to that of whole scales, up and down, changing rapidity and intensity. Possibly we may assume that a similar procedure takes place in the ear to that in the eye, where the so-called "after-images " arise on the retina. In our cases it may deal with after-images in the labyrinth or in the different stations up to the cortex. One can restore the perception through the influence on the labyrinth and on the central auditory paths, and produce the right perception through the cerebral cortex and consequently the consciousness of the acoustic phenomenon.
Returning to the subject of the stimulation-threshold: We can determine not only the stimulation-threshold of different sounds, but also the range of hearing for different intensities and heights of tones. We can also state the exact time of perception more precisely than by any other method. This is a very important part of the treatment and the judgment thereof, the more so because, as already said, we can use simple tones as well as music and speech in the same manner for testing as for treatment, which leads to a deeper insight in the process. We also observed in a great number of cases, that the auditory subjective sensations, noises as well as disturbances of the equilibrium, irritations of the auditory nerve, could be influenced in a favourable manner.
With regard to the speech records: We know that in many cases of deafness an improvement of hearing can be obtained through long training. But our kind of training is much more practical, as a great variation of words and sentences can be used without tiring the doctor or his assistant. (Use of singing, etc.)
The cases of vertigo, which we have treated-and still treat-with our electromagnetic-tuning-forks, to aid the treatment with tone-frequent currents, show that the forks have the advantage of great mechanical influence, especially the deeper ones. The tuning-forks, as it is known, make everything, on which they are set, vibrate in the same way as they do themselves. Thereby not only the auditory nerve and the labyrinth but the whole skull with its contents are brought into vibration. Thus, it seems, that an intensified activity will be induced in the brain and the cerebral cortex, the circulation of the ear and the whole head will be greatly stimulated. One may observe in many patients-especially in nervous patients-a redness of the side of the head on which the tuning-fork is set. By disturbances of the equilibrium the deep tones, of the forks as well as of the apparatus, from 100 vibrations down are proved to be the most efficacious.
In conclusion: we do not wish to overthrow the old methods without reason or without providing a complete equivalent but we hope that we have contributed a little towards progress in the examination of the ear and in the treatment of deafness, and have produced an apparatus that will be of use both for the aural clinic and for the medical practitioner.
Demonstration of High-frequency Apparatus.
By Dr. ISIDOR MULLER.
THE electric high-frequency field has opened up a new range of application of extremely frequent vibrations.
The body of the patient has not to be brought in conta,t with any kind of electrode as is the case with the customary methods. The extremely high frequency can be finely and individually administered with this apparatus, adjusted according to the required effect. This fine, individually adapted regulation is absolutely necessary in order to influence the inner organs in any appreciable degree. Exact measurement has shown, that diathermy can never have this effect, since it would require an electric energy of a degree which would lead to complete combustion of the surface. The diathermic current has quite a different influence upon the human tissue from that of extremely frequerrt currents. The usual diathermic current has, in fact, no penetrating power, not being able to overcome any larger resistance of conduction, while the ultra-high-frequency currents penetrate the whole body so that any of the inner organs, however deep, may be influenced by them. According to numerous observations, even the deepest parts may be heated, if there is any abnormal resistance, as, for instance, suppurative focuses, abscesses, infiltrations, etc., it means that there are places, where circulation and consequently caloric conduction are disturbed, i.e., diminished. The result is a much greater and quicker calefaction of these parts in comparison to their surroundings. This important observation leads to selective action and treatment. The best effects have been accomplished in cases of inflammatory congestion, infiltration and suppuration, suppurative focuses, etc. The apparatus is equipped with the finest regulator of energy and frequency, to adapt it for the treatment of ear, nose and throat troubles. It produces high frequency up to 65 mega cycles. We have frequently been able by its use to avoid operations in cases of acute inflammation, and to treat with good results many cases of chronic catarrh.
It is expected that treatment with extremely high frequencies will bring about a considerable change in the practice of medicine. The effect of this kind of rays extends beyond our present range of vision.
